Introduction
Increasing numbers of computer models are used for analyzing environmental impacts. These models are excellent tools for environmental impact analysis, as long as they are used with care. This paper examines some of the challenges involved in using computer models for environmental impact analysis. The paper addresses these challenges fiom the perspective of the manager who is responsible for conducting the impact analysis, but is not a computer modeling specialist.
There are computer models for almost every discipline in environmental impact analysis. Computer programs can analyze routine air emissions, accidental air dispersion of radionuclides, or chemicals, groundwater transport, transportation, ecological resources, and socioeconomics, as well as other discipline areas. The advantage of using computer models is that extensive environmental data can be managed and complex calculations can be quickly performed to assess existing conditions and to project impacts under different alternatives. This has become necessary as the public has become more sophisticated about environmental impacts and as more complex analyses are conducted to address public concerns. For example, the Department of Energy (DOE) requires that Environmental Assessments and Impact Statements provide estimates of the potential public health effects fiom radiological exposure due to normal operations and potential accidents (DOE 1993) . Computer models are typically used to calculate the air dispersion of radionuclides under varying meteorological conditions and to estimate the collective public dose and the dose to the maximally exposed individual member of the public. Impact analysis can be greatly enhanced by using computer models. However, there are many potential pitfalls in selecting models and input parameters for an impact analysis. It is extremely important that the computer modeling be carefully managed. Unfortunately, the impact analysis manager tends to retreat from the technical questions related to computer models and defer to the specialist. This paper discusses the reasons why an impact analysis manager should be more involved in the selection of computer models and input parameters and offers suggestions for how to assure quality in the modeling process.
Multiplicity of Models
Typically, there are several computer models available within each of the various impact analysis areas. The multiplicity of models is illustrated by an informal review of 14 Environmental Impact Statements @IS) prepared recently by DOE.2 A total of 48 different computer models was used in those 14 EISs. The number of models used in the different disciplines provides an indication of the great diversity of models available, and the challenges involved in selecting models. For those who are not immersed in computer models, the names of the codes can seem like alphabet soup, since they tend to be acronyms. The effect of discussing the types of models used in environmental impact analyses can result in MEGO, the acronym for "my eyes glaze over." Nevertheless, a few examples indicate the diversity of models available.
In five of the 14 EISs prepared by DOE, surface water and ground water impacts were analyzed with computer models. Seven water quality models were used: LADTAP XL, UNSAT-H, MINTEQ, MSTS, HST3D, MODFLO, and MT3D. Each model has distinctly different capabilities, and some of the models were used in conjunction with other models. For example, MODFLO is a model developed by the U.S. Geological Survey to simulate two-and threedimensional groundwater flow in aquifer systems, and MT3D is a three-dimensional contaminant transport model that can be used in conjunction with MODFLO.
To assess the impacts of facility accidents, the 14 EISs used a total of 13 computer models. Six of the EISs used the MELCOR Accident Consequence Code System (MACCS), which was developed for the Nuclear Regulatory Commission to calculate the consequences of accidental radioactive releases. Two of the 14 EISs used CHEMPLUS, which is a chemical dispersion code that predicts health impacts from fire and explosions. Other accident analysis models used included AXAIR89Q, GENII, DEGADIS, ERAD, ISC, CHARM, LAP, MEPAS, EPI, ALOHA, and SLAB.
The point of these examples is that there is a multiplicity of models available and choices have to be made about which model to use for a particular impact analysis. Why should one water quality model be chosen rather than another? Or one accident analysis model rather than another?
.
Model Characteristics
Each model has certain characteristics that make it more or less useful in a particular situation, One key characteristic is whether the model is available in the public domain. The most credible model to use will typically be a model that has been recommended by a public agency. Some models are recommended by the Environmental Protection Agency (EPA) for compliance with environmental permitting requirements. For example, CAP-88 is the EPA-recommended computer model for analyzing radiological air releases and for dose/risk assessment, as required by the Clean Air Act National Emission Standards for Hazardous Air Pollutants. Five of the 14 EISs prepared by DOE used CAP-88 for analysis of radiological air releases during normal facility operations. Six of the 14 EISs used other models for radiological air releases and dose assessment. Regardless of how good these models are, they will not have the same credibility as the EPA-recommended computer model. If it is not possible to use a computer model recommended by a public agency for some reason, the model selected should be able to meet the following three criteria. First, the model should have been validated by independent peer review. Second, the model should be well documented. Third, the model should be available to the public. If a model cannot meet these criteria, it probably should not be used for environmental impact analysis, unless there are extenuating circumstances.
Another consideration is that models have varying requirements for data. Models that require relatively less data rely more heavily on conservative assumptions. Whereas conservative assumptions are more defensible to the public, the outputs may be unrealistic and may cause unnecessary concern. For example, if there is no data available on how much hazardous or radioactive material would be released in a particular transportation accident scenario, the conservative assumption would be that 100 percent of the material is released. If there were data available indicating that only 50 percent of the material would be released in that type of accident, it would be preferable to use that data for the modeling process rather than the conservative assumption of 100 percent release. From this example, it should be clear that data and assumptions may make a great difference in an analysis. Thus, the model's requirements for data should be carefully considered.
Selecting Models
Ideally, the technical specialist would review the different computer models available, consider the characteristics of the various models, and select the model best suited for the analysis. Unfortunately, the selection of computer models is rarely an ideal process. The worst case is the discipline specialist selecting a model that he or she knows best. Since few managers are knowledgeable about all of the different models available in the various disciplines, it would be difficult for even the most conscientious manager to provide a meaningful review of the specialist's choice of models, The manager tends to defer to the specialist's selection of a model, without getting a second opinion.
Even when a discipline specialist would prefer to select the model with great care, he or she may feel constrained by other factors. When funds and time are limited, as they almost always are, it may not seem practical to undertake a systematic review of models before selecting one for an analysis. Also, reviewing the full range of models available may seem like a pointless exercise if there is no staff qualified to run the different models. That is why people tend to pick the models that the existing staff can run. It takes time and money to consider the options before selecting a model and to train staff to run a model. If the specialist raises issues about selecting the right model or training the staff, the manager may not be willing to listen, or may even blame the specialist for raising these issues.
There is a great deal of risk in using a model that is poorly suited to the project. We all know that models can generate inaccurate results. When the wrong model is selected, the risk of inaccurate results is increased. If the inaccuracies are discovered by the technical staff, and additional model runs have to be conducted, schedule and budget problems may result. That would be the best case scenario. However, sometimes the technical staff does not find the flaws in the analysis before it is published. If the public reviewers find the flaws, the cost may be really high. Technical credibility can be very fragile in the environmental analysis process, especially when a controversial project is involved. If the problems are discovered by the public, the credibility of the entire impact analysis can be thrown into doubt. When that happens, the project itself is in great jeopardy. Putting some resources into the process of selecting the best model for the analysis is similar to buying insurance -it dramatically reduces the risks involved.
Selecting Input Parameters
Even if the best model for the job has been selected, the modeling process will not be effective unless the input parameters are also carefully selected. For example, the key input parameters in accident analyses are the "source terms," which are the chemicals accidentally released to the air.
In discussing source terms, J. Shim states that "the best methods of source term estimations come from actual observations and experience" (Shim, 1996) . Empirical data are the best input parameters for computer models.
When empirical data are used in a model, there should be careful checking to assure that the data are correct. To illustrate the difficulties that can be caused by incorrect data, it is useful to consider the case of an accident consequence analysis for a uranium processing facility. An air dispersion model, such as MACCS (discussed above) would be used to estimate the radiological effects of a facility accident on the surrounding public. The modeling specialist would likely be very knowledgeable about MACCS, and about air dispersion of radionuclides. However, he or she may or may not be knowledgeable about uranium. One input parameter to the MACCS code would be the isotopic content of uranium 234. If the modeling specialist did not use the correct data for isotopic content, the results of the MACCS code runs would be inaccurate. Checking all empirical data with appropriate technical experts would avoid this problem, obviously. Unfortunately that simple step is sometimes overlooked in the modeling process.
When empirical data are not available, assumptions have to be used as input parameters, and even more caution is advised. Assumptions should be the best judgement of an expert, not the best guess of someone without expertise in that area.
Managing the Modeling Process
To avoid problems with impact analysis modeling, a process is needed for managing the modeling. The process should include a review of the different models that could be used in each of the impact areas, such as routine air emissions, accidental air dispersion of radionuclides or chemicals, groundwater transport, transportation, ecological resources, and socioeconomics. A model review is provided in the accident analysis appendix of the EIS for Continued Operation of Lawrence Livermore National Laboratory and Sandia National Laboratories, Livermore (DOE 1992) . The appendix compares three models that were considered for estimation of radiation doses: GENII, MACCS and ARAC(MATHEW/ADPIC). The Gaussian plume air dispersion in the GENII and MACCS models is compared to the particle-in-cell dispersion in the ARAC model. Various other characteristics of the models are also compared, including the exposure pathways; GENII calculates the air, ground, inhalation, ingestion, and surface water pathways, while MACCS and ARAC calculate all of those except surface water. In explaining why GENII was selected for the EIS accident analysis, the appendix discusses various technical issues and notes several additional factors: GEM1 is in the public domain; it has been used in other DOE impact analyses; and the code can be run on an IBM-PC.
A manager who wants to be even more certain that the best models have been selected should have a peer review process for the model recommendations. The peer review team should be composed of persons with expertise in one or more of the following three areas: the proposed project, the impact disciplines, and modeling. In evaluating the models, the peer review team should carefblly consider the status of the model in the public domain and the data requirements for the model. If the recommended model has not been endorsed by a public agency, special attention should be given as to why this model should be used. The team may also provide a
.
review to verify the empirical data and assumptions used as input parameters in the modeling process.
Peer review teams have been used for several major DOE EISs recently. The peer review team for each EIS consisted of the DOE staff fiom Headquarters and the Field Offices and also impact analysis specialists from the DOE National Laboratories. This peer review approach clearly minimized the problems associated with modeling during the EIS preparation process.
Recommendations
Computer modeling can be an effective tool for impact analysis when the models and input parameters are carefully selected. Managers should get more involved in the modeling process and assure that the most appropriate model is selected for each impact analysis area. Modeling specialists should conduct a review of different models that could be used and recommend a model for specific reasons. Peer review of the model selection and input parameters is also recommended to assure that computer modeling provides accurate results for the impact analysis.
Endnotes.
